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Abstract
Fe-Cr alloy is commonly being used as boiler tube's material. It is subjected to prolonged exposure to
water vapor oxidation. The ability to withstand high temperature corrosion can normally be
attributed to the formation of a dense and slow growing Cr-richoxide scale known as chromia, Cr2O3
scale. However, oxidation may limit the alloy's service lifetime due to decreasing of its protectiveness
capability. This paper is to presents an experimental study of thermo gravimetric and Fourier
transform infrared analysis of Cr2O3 at 1073 K in dry and humid environment. Samples were used
from commercially available Cr2O3 powder. It was cold-pressed into pellet shape of 12 mm diameter
and 3 mm thick with hydraulic press for 40 min at 48 MPa. It then sintered at 1173 K in inert gas
environment for 8 h. The samples are cooled and placed in 5 mm diameter platinum pan. It is
subjected to reaction in dry and wet environment at 1073 K by applying 100%-Ar and Ar-5%H-2 gas.
Each reaction period is 48 h utilizing Thermo Gravimetric Analyzer, TGA to quantify the mass changes.
A er the reaction, the samples then characterized with Fourier Transform Infrared Spectroscopy, FT-
IR and Field Emission Electron Scanning Microscopy, FE-SEM. The TGA result shows mass decreasing
ratio of Cr2O3 in wet (PH2O = 9.5x10(5) Pa) and dry environment is at a factor of 1.2 while parabolic
rate at 1.4. FT-IR results confirmed that water vapor significantly broaden the peaks, thus promotes
the volatilization of Cr2O3 in wet sample. FESEM shows mostly packed and intact in dry while in wet
sample, slightly porous particle arrangement compare to dry. It is concluded that water vapor species
decreased Cr2O3 protectiveness capability.
Keywords
KeyWords Plus: FE-CR ALLOYS; OXIDE SURFACE; TEMPERATURE; OXIDATION; CHROMIUM;
ATMOSPHERES; EVAPORATION; STEELS; RATES
Author Information
Reprint Address: Ani, MH (reprint author)
IIUM, Dept Mfg & Mat Engn, Jalan Gombak, Kuala Lumpur 53100, Malaysia.
Addresses:
[ 1 ] IIUM, Dept Mfg & Mat Engn, Jalan Gombak, Kuala Lumpur 53100, Malaysia
E-mail Addresses: mhanafi@iium.edu.my
Publisher
Citation Network
In Web of Science Core Collection
0
Times Cited
Create Citation Alert
17 
Cited References
View Related Records
Use in Web of Science
Web of Science Usage Count
1 1 
Last 180 Days Since 2013
This record is from:
Web of Science Core Collection
- Conference Proceedings Citation Index-
Science 
Suggest a correction
If you would like to improve the quality of
the data in this record, please suggest a
correction.
Web of Science InCites Journal Citation Reports Essential Science Indicators EndNote Publons Sign In  Help  English 
Tools  Searches and alerts  Search History Marked List
  Add to Marked ListSave to EndNote online   1  of  1 
Learn more
Search Search Results
10/12/2018 Web of Science [v.5.30] - Web of Science Core Collection Full Record
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=F4iKTRSogfT5EpenNja&page=1&doc=1 2/3
(from Web of Science Core Collection)
IOP PUBLISHING LTD, DIRAC HOUSE, TEMPLE BACK, BRISTOL BS1 6BE, ENGLAND
Categories / Classification
Research Areas: Engineering; Materials Science
Web of Science Categories: Engineering, Manufacturing; Engineering, Mechanical; Materials Science,
Multidisciplinary
See more data fields
  1  of  1 
Cited References: 17
Showing 17 of 17 View All in Cited References page
The Effect of Water Vapor on High Temperature Oxidation of Fe-Cr Alloys at 1073 K
By: Ani, Mohd Hanafi Bin; Kodama, Toshiya; Ueda, Mitsutoshi; et al.
MATERIALS TRANSACTIONS  Volume: 50   Issue: 11   Pages: 2656-2663   Published: NOV 2009
Times Cited: 27  
The influence of water vapor on the corrosion of chromia-forming steels
By: Asteman, H; Segerdahl, K; Svensson, JE; et al.
HIGH TEMPERATURE CORROSION AND PROTECTION OF MATERIALS 5, PTS 1 AND 2  Book Series: MATERIALS SCIENCE
FORUM   Volume: 369-3   Pages: 277-285   Part: 1&2   Published: 2001
Times Cited: 46  
Title: [not available]
By: Barin, I.
Thermochemical Data of Pure Substances  Published: 1995
Publisher: VCH, New York, NY, USA
Times Cited: 1,146  
Ab initio study of the chemical states of water on Cr2O3(0001): From the isolated molecule to saturation
coverage
By: Costa, Dominique; Sharkas, Kamal; Islam, Mazharul M.; et al.
SURFACE SCIENCE  Volume: 603   Issue: 16   Pages: 2484-2493   Published: AUG 15 2009
Times Cited: 35  
Oxidation of alloys in steam environments-a review
By: Fry, A.; Osgerby, S.; Wright, M.
National Physical Laboratory Report MATC (A)  Volume: 90   Pages: 1-39   Published: 2002
Times Cited: 5  
OXIDATION/VAPORIZATION KINETICS OF CR2O3
By: GRAHAM, HC; DAVIS, HH
JOURNAL OF THE AMERICAN CERAMIC SOCIETY  Volume: 54   Issue: 2   Pages: 89-&   Published: 1971
Times Cited: 177  
The oxidation of ferritic stainless steels in simulated solid-oxide fuel-cell atmospheres
By: Hammer, J. E.; Laney, S. J.; Jackson, R. W.; et al.
OXIDATION OF METALS  Volume: 67   Issue: 1-2   Pages: 1-38   Published: FEB 2007
Times Cited: 73  
AN ELECTRON DIFFRACTION STUDY OF OXIDE FILMS FORMED ON MOLYBDENUM, TUNGSTEN, AND ALLOYS OF
MOLYBDENUM, TUNGSTEN AND NICKEL
By: HICKMAN, JW; GULBRANSEN, EA
TRANSACTIONS OF THE AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS  Volume: 171   Pages: 371-388
  Published: 1947
Times Cited: 14  
Calculation of reactive-evaporation rates of chromia
By: Holcomb, Gordon R.
OXIDATION OF METALS  Volume: 69   Issue: 3-4   Pages: 163-180   Published: APR 2008
Times Cited: 33  
Title: [not available] Times Cited: 1  
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
10/12/2018 Web of Science [v.5.30] - Web of Science Core Collection Full Record
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=F4iKTRSogfT5EpenNja&page=1&doc=1 3/3
By: Kaderi, A; Meskon, S R; Ani, M H; et al.
Adv. Mater. Res.  Volume: 576   Pages: 619-622   Published: 2012
[Show additional data]
The structure of water monolayers on a hydroxylated chromium oxide surface
By: Kittaka, S; Sugiyama, H; Sumi, H; et al.
ADSORPTION-JOURNAL OF THE INTERNATIONAL ADSORPTION SOCIETY  Volume: 11   Supplement: 1   Pages: 103-107
  Published: 2005
Times Cited: 3  
Characterization of the state of two-dimensionally condensed water on hydroxylated chromium(III) oxide
surface through FT-IR, quasielastic neutron scattering, and dielectric relaxation measurements
By: Kuroda, Y; Kittaka, S; Takahara, S; et al.
JOURNAL OF PHYSICAL CHEMISTRY B  Volume: 103   Issue: 50   Pages: 11064-11073   Published: DEC 16 1999
Times Cited: 28  
Effects of water vapour on the high temperature nitridation of chromium
By: Michalik, M.; Tobing, S. L.; Haensel, M.; et al.
MATERIALS AND CORROSION-WERKSTOFFE UND KORROSION  Volume: 65   Issue: 3   Pages: 260-266   Published: MAR 2014
Times Cited: 9  
STUDIES OF TWO-DIMENSIONAL CONDENSATION OF WATER ON HYDROXYLATED ZNO, SNO2 AND CR2O3 -
DETERMINATION OF TWO-DIMENSIONAL CRITICAL-TEMPERATURE
By: MORISHIGE, K; KITTAKA, S; MORIMOTO, T
SURFACE SCIENCE  Volume: 109   Issue: 2   Pages: 291-300   Published: 1981
Times Cited: 34  
Oxygen Permeability through Internal Oxidation Zone in Fe-Cr Alloys under Dry and Humid Conditions at 973
and 1 073 K
By: Setiawan, Asep Ridwan; Bin Ani, Mohd Hanafi; Ueda, Mitsutoshi; et al.
ISIJ INTERNATIONAL  Volume: 50   Issue: 2   Pages: 259-263   Published: 2010
Times Cited: 15  
Evaporation of Cr2O3 in atmospheres containing H2O
By: Yamauchi, A; Kurokawa, K; Takahashi, H
OXIDATION OF METALS  Volume: 59   Issue: 5-6   Pages: 517-527   Published: JUN 2003
Times Cited: 37  
Chromium volatilization rates from Cr2O3 scales into flowing gases containing water vapor
By: Young, D. J.; Pint, B. A.
OXIDATION OF METALS  Volume: 66   Issue: 3-4   Pages: 137-153   Published: OCT 2006
Times Cited: 126  
Showing 17 of 17 View All in Cited References page
11.
12.
13.
14.
15.
16.
17.
Clarivate
Accelerating innovation
© 2018 Clarivate Copyright notice Terms of use Privacy statement Cookie policy
Sign up for the Web of Science newsletter Follow us  
